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57 ABSTRACT 
Apparatus for feeding electronic components from a 
tube magazine to a pick up station comprises first and 
second column assemblies which support the tube mag 
azines in a horizontal attitude. One tube is supported in 
a feeding position and the components are fed there 
from by a flexible tape. After the one tube has been 
emptied, it is dropped onto an endless belt conveyer 
which carries the empty tube axially from the appara 
tus. Automatic tube supports are disclosed for support 
ing an inventory of filled tubes and for delivering a 
filled tube to the feeding position after an empty tube 
has been ejected. The apparatus is relatively narrow so 
that a plurality of identical apparatus can be placed side 
by side against each other on a production line. 

13 Claims, 11 Drawing Sheets 
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APPARATUS FOR FEEDING ARTICLES FROM 
TUBE MAGAZINES 

This application is a Divisional of application Ser. 
No. 07/651,671 filed Feb. 6, 1991, now U.S. Pat. No. 
5,165,837. 

FIELD OF THE INVENTION 

This invention relates to feeding apparatus of the type 
used to feed individual articles, particularly electronic 
components, from tube magazines to a pickup station at 
which the individual articles are picked up by a transfer 
device and placed in an assembly such as a circuit 
board. 

BACKGROUND OF THE INVENTION 

It is common practice to package electronic compo 
nents, such as connectors, integrated circuits, sockets, 
and the like in extruded tubes which have an interior 
cross-section that conforms to the shape of the articles 
or components. The components are simply placed in 
the interior of the tube, and the ends of the tube are 
closed during shipment. When the articles, or compo 
nents, are placed in service, a feeding apparatus is used 
which automatically feeds the individual articles from 
one end of the tube to a pickup station of an assembly 
machine. A robot or similar transfer device picks up the 
article located at the pickup station and places it on a 
circuit board or other device which is being assembled. 

It is desirable that feeding apparatus of the type de 
scribed above be capable of operation with a minimum 
of operator supervision and attention. It is therefore 
desirable that the apparatus have a system for ejecting 
an empty tube magazine after all of the components 
have been fed therefrom and a system for positioning a 
filled tube magazine in feeding position after an empty 
tube has been ejected. It is also desirable that the appa 
ratus be designed such that a plurality of identical appa 
ratus can be positioned side by side on closely spaced 
centerlines. The requirement of close spacing stems 
from the fact that component feeding devices are com 
monly used in an automated production line which 
requires several feeding devices containing different 
components be located against each other close to the 
robot which handles the components and places then in 
an assembly such as a circuit board. 
The present invention is directed to the achievement 

of a component feeder which meets the requirements of 
having an efficient empty tube ejection system and 
which is of minimum width so that identical feeders can 
be placed in side by side relationship in a production 
line. 

THE INVENTION 

The invention comprises an apparatus for feeding 
articles from a tube magazine to a pickup station. The 
magazine comprises an elongated tube having first and 
second ends. The articles are stacked against each other 
in the tube. The apparatus comprises first and second 
spaced apart column assemblies which have thereon a 
first tube supporting means for supporting a tube maga 
zine in a horizontal feeding position. Article feeding 
means are provided for feeding articles from the tube to 
the pick up station and empty tube ejecting means are 
provided for removing empty tubes from the apparatus. 
The apparatus is characterized in that the empty tube 
ejecting means comprises a conveyer which is beneath 
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2 
the tube support and which is movable in the direction 
extending from the second column assembly towards, 
and through, the first column assembly. The first tube 
support is movable between an extended position and a 
retracted position and functions to support a tube in 
feeding position when in its extended position. The 
control means is programmed to move the first tube 
support from its extended position to its retracted posi 
tion after all of the articles in a supported tube have 
been fed therefron. In use, after all of the articles in a 
tube have been fed therefrom, the support is moved to 
its retracted position and the empty tube falls onto the 
conveyor. The tube is moved axially by the conveyer 
through the first column assembly to a discharge zone. 

THE DRAWING FIGURES 

FIG. 1 shows a tube magazine and an electronic con 
ponent exploded from, and in alignment with, the tube 
magazine. 
FIG. 2A is a side view of the left side portion of an 

apparatus for the practice of the invention and FIG. 2B 
shows the right-hand side. These views show the posi 
tions of the parts when a tube magazine is in feeding 
position 
FIGS. 3A and 3B are views similar to FIGS. 2A and 

2B showing the positions of the parts during ejection of 
an empty tube and placement of a filled tube in feeding 
position. 

FIG. 4 is a fragmentary sectional view taken along 
the lines 4-4 of FIGS. 2A and 2B. 
FIG. 5 is an enlarged view showing the left-hand 

portion of FIG. 4. 
FIG. 6 is a view similar to FIG. 5 showing the posi 

tions of the parts during ejection of an empty tube. 
FIG. 7 is a view looking in the direction of the arrows 

7-7 of FIG 3A. 
FIG. 8 is a view looking in the direction of the arrows 

8-8 of FIG. 7. 
FIG. 9 is a view looking in the direction of the arrows 

9-9 of FIG. 8. 
FIG. 10 is a side view of the right-hand side of the 

apparatus showing portions of a robot arm. 
FIGS. 11 and 12 are views looking in the directions of 

the arrows 11-11 and 12-12 of FIG. 10. 
FIG. 13 is a side view showing a tape twisting guide. 
FIG. 14 is a block diagram of a control system for the 

apparatus. 

THE DISCLOSED EMBODIMENT 

FIG. 1 shows a typical tube magazine 2 having first 
and second ends 4, 4 and containing a plurality of elec 
tronic components 8. The components may be of any 
desired type, for example, integrated circuit devices, 
connectors, socket members, etc. The component 8 
which is disclosed has an elongated prismatic body and 
has leads 10 extending from its lower surface and ar 
ranged in two spaced-apart rows. The components are 
loaded into the magazine 2 at the time of manufacture 
and the open ends of the tube are temporarily plugged 
for shipment. When the components are placed in ser 
vice, the individual components are fed from the tubes 
to a pickup station in a feeding and dispensing apparatus 
12 as described below. 
The apparatus 12, FIGS. 2A-12, is supported on a 

horizontal base plate 14 which in turn would be sup 
ported on a support surface. The apparatus 12 would, in 
use, be part of an assembly apparatus including a robot 
having fingers 42 as shown in FIG. 11, for picking up a 



5,246,328 
, 3 

component at a pick-up station shown at the right in 
FIG. 2B, 
The apparatus comprises first and second column 

assemblies 16, 16' which are spaced-apart by a distance 
substantially equal to the length of the tube magazines 2 
which it is intended to receive. The column assemblies 
16, 16" are similar to each other in most respects so that 
a description of one will suffice for both, and the same 
reference numerals, differentiated by prime marks, will 
be used to identify corresponding structural elements in 
the two column assemblies. In the description which 
follows, only the first column assembly 16 is described 
in detail, and features of the second column assembly 
16' are noted where appropriate. 
The column assembly 16 comprises two individual 

spaced-apart column members 18, 20, FIG.4, which are 
secured to an adaptor or foot plate 22 which in turn is 
secured to the base plate 14. The column members 18, 
20 have opposed internal surfaces 24, 26 which are 
spaced-apart by a distance slightly greater than the 
thickness of a tube magazine so that the tubes will be 
supported between the first and second column assem 
blies and will be confined by the surfaces 24, 26. A 
cover plate 28 is fastened to the leftwardly facing sides 
of the column members to confine the tube magazines 
against axial movement. The lower edge 29 of the cover 
plate is spaced from the plate 22 for the reason that 
clearance must be provided for the pusher 44 and pins 
30, 32 which move into the space between the surfaces 
24, 26. Panels 17 extend between columns 18, 18" and 
between columns 20, 20". 
The lowermost tube 2 shown in FIGS. 2A and 2B is 

supported on pins 30, 30' which are part of the two 
column assemblies and which extend beneath the lower 
most tube. Additionally, upper supporting pins 32, 32 
are provided which support an inventory of filled tube 
magazines 2 which are dispensed, one at a time, to the 
lowermost pins 30, 30' when the lowermost tube is 
empty. An intermediate set of pins 34, 34", shown in 
FIGS. 4-6, are also provided which move between 
retracted and extended positions (FIGS. 5 and 6) when 
an empty tube is being removed as will be described 
below, 
A guide track assembly 36 extends rightwardly from 

the column assembly 16" and is in alignment with the 
tube 2 which is in feeding position and is supported on 
pins 30, 30' at a feeding station. In the disclosed embodi 
ment, this guide track is dimensioned such that it can be 
straddled by the two rows of leads 10 which extend 
from the component 8. At the end of the guide track, 
there is provided a fixed stop block 38 which contains a 
sensor and which contains a leftwardly facing stop 
surface 40. This stop surface defines the pickup station 
in that the component located against surface 40 is pre 
cisely located so that it can be picked up by the arms 42 
of a robot and transferred from the pickup station to a 
further work station in the machine, see FIGS. 10 and 
11. 
The individual components are fed from the tube 

magazine, which is in feeding position and supported on 
the pins 30, 30', by a rigid pusher 44 that has a cross-sec 
tion which conforms to the cross-section of the interior 
of the tube magazine. The trailing end of the pusher 44 
is connected to the leading end portion 46 of a flexible 
tape 48. The tape extends from the pusher through a 
feed roll assembly 50 and into a cylindrical tape housing 
52 which is adjacent to the first column assembly. 
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The tape and tape housing are of the type used for 

steel measuring tapes and need not be described in de 
tail. The tape is coiled within the housing and a spring 
is provided in the housing to retract the tape after it has 
been pulled from the housing. The tape may be of a 
medium carbon steel such as AIS 1095 which is formed 
with a camber. Such carbon steel tapes are convention 
ally fully hardened to a Rockwell hardness of C62 and 
then tempered until the Rockwell harness is in the range 
of about C48-52. Tapes suitable for the practice of the 
invention are commercially available, for example, in 
widths of 0.25 inches (6.3 mm) and 0.50 inches (12.7 
mm). Under some circumstances, as where the compo 
nents and tube magazines are relatively small, it is nec 
essary to use a 0.25 inch tape and such tapes are entirely 
satisfactory for pushing small components which have a 
relatively low mass. Where larger components are in 
volved, the tube will necessarily have greater inside 
dimensions and a 0.5 inch width tape is used. 
The feed roll assembly 50 and the tape housing 52 

(FIG. 8) are contained and supported between spaced 
apart side plates 54, 56 which are secured to, and which 
extend vertically from the foot plate 22 which is sup 
ported on base plate 14. The feed roll assembly con 
prises an upper idler feed roll 58 which is rotatably 
supported on a shaft 60 in a frame or housing 62. A 
spring is provided in the housing 62 to adjust the force 
exerted by the upper feed roll on the lower feed roll 66. 
The lower roll 66 is keyed or otherwise secured to a 
shaft 68 which has a pulley 70 on its end. A drive belt 72 
extends over pulley 70, around an idler pulley 74, 
around a pulley 76 on a shaft 78, around a pulley 80 on 
a shaft 82 and then back to the pulley 70. The idler 
pulley is adjustably supported as shown at 75 to permit 
adjustment of the tension in the belt. Shaft 82 is the 
power shaft and is coupled by a right angle drive to a 
motor 83 which is controlled by the control system of 
the machine. Motor 83 is reversible so that rotation in 
one direction causes the feed rolls to withdraw the tape 
48 from its housing 52 and movement of the pusher 44 
through a tube 2 which is in feeding position and rota 
tion in the opposite direction retracts the tape and 
pusher. 
When the apparatus is in service and is being operated 

continuously, the tubes will be emptied in a relatively 
short time, and it is desirable to provide a system for 
removing empty tubes from the machine. The tube 
ejecting system comprises a conveyor belt 88 which 
extends around rolls 84, 84 that are adjacent to the first 
and second column assemblies. The roll 84 is secured to 
shaft 78 so that when the tape feed rolls 50 are rotated 
in the direction which feeds tape from the tape housing 
and through the tube supported on the pins 30, the roll 
84 is rotated in a direction which causes the upper 
course of the conveyor belt to move leftwardly thereby 
moving a previously ejected empty tube leftwardly 
from the apparatus. The tube 2 which is being removed 
by the conveyor is guided by rollers 85, FIG. 7, which 
are journaled on a shaft supported on one of the side 
plates. As best shown in FIG. 7, clearance is provided 
above the belt 88 for the tube so that it can be ejected 
axially by the conveyor. 
The pin 30, which supports, in cooperation with pin 

30", the tube in a feeding position, extends from a block 
92 which in turn is adjustably secured in a recess in a 
horizontally reciprocable block 96. The block 92 can be 
vertically adjusted within the recess and locked in posi 
tion by a suitable set screw 93. Adjustment of the posi 
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tion of pin 30 is required for different sizes or types of 
tube magazines. The upper pin 32 is similarly adjustably 
secured on a block 92 in a recess in block 96. 
The block 96 is slidably supported on pins 95 which 

extend from column 20 and is horizontally movable a 5 
short distance between the two positions shown in 
FIGS. 2A and 3A. In the position of FIG. 2A, block 96 
is adjacent to column assembly 16 and the pins 30, 32 
project into the space between the columns 18, 2032 
thereby to support tube magazines. The upper pins 32, 10 
support an inventory of filled tubes while the lower pins 
30, 30' support the tube which is in its feeding position. 
The horizontal movement of the block 96 is described 
below. 
A slide block 98 (FIG. 5) is provided in a suitable 15 

recess 100 in the column 20 and is pivoted at its lower 
end 102 to a link 104 which in turn extends to a pivotal 
connection 106 on a disk 107. The disk is oscillated 
through an angle of about 30 degrees to cause recipro 
cating vertical movement of the slide block 98. The 20 
block 96 is connected by a link 110 to the vertically 
reciprocable block 98, link 110 being pivoted at 112 and 
108 to the blocks 96 and 98, respectively. As shown by 
FIGS. 2A and 3A, upward movement of the block 98 
causes the carrier block 96 to move horizontally away 25 
from the column 20 to the position of FIG. 3A and 
downward movement of block 98 causes the block 96 to 
move towards the column 20 so that the pins 30, 32 
move from, and then back into, their supporting posi 
tions. 30 
The intermediate pin 34 extends horizontally into the 

space between the opposed surfaces 24, 26 of the col 
umn members 18, 20 when the parts are in the positions 
of FIG. 6. When it is in this extended position, it sup 
ports a lowermost tube magazine, and when withdrawn 35 
to its retracted position, FIG. 5, it releases the tube 
magazine which then falls down onto the pins 30, 30'. 
The movement of the intermediate support pin 34 is 
achieved by a camming plate 122 which is mounted on 
slide block 98. The camming plate has a cam track 120 40 
therein which receives a cam follower 118 extending 
from a block 116 which is integral with pin 34. The 
block 116 is movable horizontally along with the pin 34, 
and such movement is achieved by the cam follower 
118 and can track 120. 45 
The disk 107 is coupled to a disk 107" by a connecting 

rod 124 and the disk 107" is oscillated by a motor 126 
which is under the control of the control system, the 
disk 107" being coupled to the motor by a suitable right 
angle drive. 50 
The control system for the apparatus (FIG. 14) may 

be a conventional electronic control system composed 
of a suitable electronic module or microprocessor hav 
ing conductors extending to the robot, suitable sole 
noids which control the clamping devices, and to the 55 
two motors described above. 
The operation of the apparatus is as follows. 
An inventory of filled magazines is placed in the 

apparatus above the pins 32 with the lowermost maga 
zine supported by the pins 32 and the others stacked on 60 
top of the lowermost tube magazine of the inventory. 
At the beginning of an operating cycle, a filled maga 
zine will be supported on the pins 30, 30' and a previ 
ously ejected magazine will rest on the conveyor belt. 
When operation begins, the pusher 44 is moved by the 65 
tape 48 into the tube 2 and feeds the leading component 
in the tube against the stop at the pickup station. The 
presence of the leading component is sensed, and the 

6 
robot arm grasps the leading component. A compres 
sive force is retained on the stack of components in the 
tube by the pusher until the robot arm grips the leading 
component, at which time a signal is sent which causes 
the pusher to retract a short distance so that the leading 
component is unclamped. In other words, the leading 
component is maintained in a clamped position and 
therefore is precisely positioned until it is gripped by the 
robot arm. After the robot arm removes the leading 
component from the pickup station, the control system 
operates to rotate the feed rolls and move the next adja 
cent component to the pickup station. This process 
continues until the tube supported on the pins 30, 30' is 
empty, at which time the tape is retracted and the 
pusher 44 is pulled leftwardly from between the column 
assemblies and into a pusher housing 45 (FIG. 4). When 
this motion is sensed by the control system, the disks 
107, 107" are rotated in a clockwise direction through an 
angle of about 30 degrees thereby to withdraw the pins 
30, 32 from their supporting positions and move the pins 
34, 34' into their supporting positions. A filled tube then 
drops onto the pins 34, 34' and the disks 107, 107" are 
rotated in a counter-clockwise direction so that the pins 
32, 32' are moved into their supporting positions. The 
withdrawal of the pins 34, 34' permits the tube magazine 
which was previously supported thereon to fall by 
gravity onto the pins 30, 30' in preparation for the next 
operating cycle. 

FIG. 13 shows a tape twisting guide 134 which twists 
the tape through an angle of 90 degrees and is required 
under some circumstances. The guide is located adja 
cent to the feed rolls and adjacent to the pusher hous 
ing. The twisting guide is required when the compo 
nents, and the magazine tubes are relatively narrow in 
their horizontal dimension and are relatively tall in a 
vertical sense. If the tape has a width which is greater 
than the width of the interior of the tube but less than 
the vertical dimension thereof, the tape must be twisted 
so that it will be in a vertical orientation when it moves 
through the tube. The twisting guide 134 is located 
between the feed roll assembly 50 and the block 96. In 
order to provide space for the twisting guide, the feed 
rolls and the tape housing 52 are moved leftwardly from 
their positions of FIG. 2A. 

Several advantages are achieved by the practice of 
the invention. The tape and pusher provide an ex 
tremely simple and effective system for feeding the 
components from the tube magazine to the pickup sta 
tion and the need for two feeding systems as in some 
prior feeders (a first feeding system for feeding compo 
nents from the tube to the guide track and a second 
feeding system for feeding the components along the 
guide track) is avoided. A further advantage is that a 
highly effective system is provided for ejecting empty 
tubes. The empty tubes are moved axially from the 
apparatus, rather than laterally, a feature which permits 
the apparatus to be of minimum width. Feeding appara 
tus of the type described herein are usually mounted 
side-by-side with identical feeding devices on an assem 
bly machine for assembling circuit boards or the like. It 
is important that the widths of the feeders be kept to a 
minimum in order to permit mounting the feeders in the 
limited space available on the assembly machine. 
We claim: 
1. Apparatus for successively dispensing tube maga 

zines from an inventory of the tube magazines to a 
feeding station wherein articles carried by the tube 
magazines are fed therefrom to an article pickup station, 
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each of the tube magazines comprising an elongated 
tube having an axis extending in a direction of elonga 
tion between opposite ends, each of the tubes having a 
width, the apparatus comprising: 
means for confining the inventory of tubes above the 

feeding station such that one of the tubes in the 
inventory is a lowermost tube; 

first tube supporting means movable between an ex 
tended position for supporting a dispensed tube at 
the feeding station in a substantially horizontal 
feeding position, and a retracted position wherein 
the dispensed tube becomes unsupported by the 
first supporting means; 

second tube supporting means above the first tube 
supporting means and movable between an ex 
tended position for supporting the lowermost tube 
in the inventory of tubes in a substantially horizon 
tal position, and a retracted position wherein the 
lowermost tube becomes unsupported by the sec 
ond supporting means; 

intermediate tube supporting means between the first 
and second supporting means, the intermediate 
supporting means being movable between an ex 
tended position for supporting the lowermost tube 
in a substantially horizontal position when the sec 
ond supporting means is retracted, and a retracted 
position wherein the lowermost tube becomes un 
supported by the intermediate supporting means, 
the intermediate supporting means being spaced 
from the second supporting means such that when 
the lowermost tube is supported by the intermedi 
ate supporting means a next lowermost tube is 
disposed for capture and resulting support by the 
second supporting means; and, 

control means for normally maintaining the first and 
second supporting means in their extended posi 
tions and normally maintaining the intermediate 
supporting means in its retracted position during 
feeding of the articles from the dispensed tube to 
the article pickup station, for moving the first and 
second supporting means to the retracted positions 
and moving the intermediate supporting means to 
its extended position after the dispensed tube has 
been emptied, wherein the empty tube in the feed 
ing station falls by gravity to an empty tube receiv 
ing means and the lowermost tube in the inventory 
falls by gravity to the intermediate tube supporting 
means and is supported thereby with others of the 
inventory falling to rest on the now-supported 
lowermost tube, and for thereafter moving the first 
and second supporting means to their extended 
positions and moving the intermediate supporting 
means to its retracted position, wherein the lower 
most tube falls by gravity for dispense to the feed 
ing station and the next lowermost tube is sup 
ported by the second supporting means. 

5 

8 
2. The apparatus according to claim 1, further com 

prising an empty tube transporting means for moving 
the empty tube in the receiving means away from the 
apparatus. 

3. The apparatus according to claim 2, wherein the 
empty tube transporting means is aligned for moving 
the empty tube axially from the apparatus. 

4. The apparatus according to claim 2, wherein the 
empty tube receiving means and the empty tube trans 

10 porting means comprises an endless belt conveyor. 

15 

20 

25 

5. The apparatus according to claim 4, wherein the 
endless belt conveyor has an upper course which ex 
tends parallel to the direction of elongation of the tube 
in the feeding station for moving the empty tube axially 
from the apparatus. 

6. The apparatus according to claim 1, wherein the 
means for confining comprises a pair of spaced apart 
column assemblies disposed for confining the tubes 
proximate their opposite ends. 

7. The apparatus according to claim 6, wherein each 
of the column assemblies defines a pair of opposed sur 
faces which are spaced apart by a distance substantially 
equal to the width of one of the tubes, whereby the 
tubes in the inventory are confined between the op 
posed surfaces such that the tubes are stacked parallel to 
each other in an upwardly extending array. 

8. The apparatus according to claim 7, wherein the 
first and second tube supporting means comprise pins 
coupled for synchronous movement between the ex 

30 tended and retracted positions, the pins being config 
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ured for engagement beneath surfaces of the tubes when 
the pins are in the extended position. 

9. The apparatus according to claim 8, wherein the 
pins of the second supporting means are vertically ad 
justable in position. 

10. The apparatus according to claim 8, wherein the 
intermediate tube supporting means comprises interme 
diate pins movably attached to the column assemblies, 
and cam linkage connected for synchronously moving 
the intermediate pins between their extended and re 
tracted positions in a sequence opposite to the move 
ment of the pins of the first and second supporting 
CaS. 

11. The apparatus according to claim 8, wherein the 
pins are attached to mounting blocks which are opposed 
to the opposite ends of the tubes, the mounting block 
being movable for moving the pins between the ex 
tended and retracted positions, the pins extending paral 
lel to the axes of the tubes when the pins are in the 
extended positions. 

12. The apparatus according to claim 11, wherein the 
pins of the second supporting means engage within as 
interior region of the lowermost tube when said pins are 
in the extended position. 

13. The apparatus according to claim 11, wherein the 
pins of the first and second supporting means are verti 
cally adjustable in position. 

k x k k k 


